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The indicated allowability of the claims is withdrawn in view of the 
reconsideration of reference(s) to Ohio University, Bullock and Xu et al. actions based 
on International Search Report associated with the PCT application for this case. The 
office regrets the inconvenience. 

Claim Rejections - 35 USC § 102 

The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that 
form the basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless - 

(b) the invention was patented or described in a printed publication in this or a foreign country or in public 
use or on sale in this country, more than one year prior to the date of application for patent in the United 
States. 

Claims 1, 2, 4, 7 and 16 are rejected under 35 U.S.C. 102(b) as being anticipated 
by Ohio University (WO 94 18433 A). Ohio University shows (figs. 1 , 2, 5a, 5b) a micro- 
transducer (see title) comprising: a first membrane (34); a second membrane (44) 
comprising a first electrode (512), a second electrode (518), and a piezoelectric 
member (522) disposed therebetween; a fluid-tight cavity (30, 40) cooperatively formed 
between the first (34) and second (44) membranes; and a working fluid (p. 4, 1. 31 ) 
disposed in the cavity (30, 40). 

Further comprising a low-temperature heat sink (22) disposed adjacent the first 
membrane (44) and a high-temperature heat source (14) disposed adjacent the second 
membrane (34) such that the transducer (35) is operative as a heat engine having a 
thermodynamic cycle (see Abstract), wherein thermal energy, flowing from the high- 
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temperature heat source (14) to the low-temperature heat sink (22) through the heat 
engine during the thermodynamic cycle, is converted into electrical energy (p. 7, II. 3, 4). 

Further comprising a low-temperature heat source (22) disposed adjacent the second 
membrane (34) and a high-temperature heat sink (14) disposed adjacent the first 
membrane (34) such that the transducer is operative (during compression) as a heat 
pump having a thermodynamic cycle, wherein electrical energy is consumed to transfer 
heat from the low-temperature heat source to the high temperature heat sink. 

Wherein the first membrane (34) comprises a layer of silicon, and the second 
membrane (44) comprises a layer of silicon for supporting the first and second 
electrodes and the piezoelectric member. See p. 20, II. 5-14. 

Ohio University shows (figs. 1 , 2, 5a, 5b) a structure having a plurality of micro- 
transducers (35), the structure comprising: a first major layer (14); a second major layer 
(22) juxtaposed to the first layer; a plurality of fluid-tight cavities (plurality is shown in fig. 
1 ) cooperatively formed between the first (14) and second (22) major layers; a working 
fluid contained in the cavities (as noted above); a plurality of first electrodes (as noted in 
fig. 5b) carried by the first major layer (14) at each of said cavities; a plurality of 
piezoelectric members (522) carried by the first electrodes at each of said cavities (30, 
40); and a plurality of second electrodes (as noted in fig. 5b) carried by the piezoelectric 
members (522) at each of said cavities (30, 40). 

Ohio University shows a (figs. 1 , 5) micro-transducer, comprising: a first membrane 
(44); a second membrane (34) comprising a first electrode (518), a second electrode 
(512), and a piezoelectric member (522) disposed therebetween; a fluid-tight cavity (30, 
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40) cooperatively formed between the first and second membranes; a working fluid 
disposed in the cavity; and a low-temperature heat sink (22) disposed adjacent the first 
membrane (44) and a high-temperature heat source (14) disposed adjacent the second 
membrane (34) such that the transducer is operative as a micro-heat engine having a 
thermodynamic cycle, wherein thermal energy, flowing from the high-temperature heat 
source (14) to the low-temperature heat sink (22) through the micro-heat engine during 
the thermodynamic cycle, is converted into electrical energy. 

The first membrane comprises a layer of silicon; and the second membrane comprises 
a layer of silicon for supporting the first and second electrodes and the piezoelectric 
member. Seep. 20, II. 5-14. 

The working fluid occupies the cavity. 

Ohio University shows (figs. 1, 5b) a micro-transducer, as noted above, comprising: 
a first membrane; a second membrane comprising a first electrode, a second electrode, 
and a piezoelectric member disposed therebetween; a fluid-tight cavity cooperatively 
formed between the first and second membranes; a working fluid occupying 
substantially the entire cavity; and a low-temperature heat source disposed adjacent the 
second membrane and a high-temperature heat sink disposed adjacent the first 
membrane such that the transducer is operative as a micro-heat pump having a 
thermodynamic cycle (see Abstract), wherein electrical energy is consumed to transfer 
heat from the low-temperature heat source to the high-temperature heat sink (p. 7, II. 3, 
4). 
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The first membrane comprises a layer of silicon, and the second membrane 
comprises a layer of silicon for supporting the first and second electrodes and the 
piezoelectric member. See above 

Ohio University shows, as noted above, a micro-transducer, comprising: a body 
defining a fluid-tight cavity, a compressible and expansible working fluid contained 
within and occupying the cavity (see the Abstract), the body having a piezoelectric unit 
situated adjacent the cavity, and the piezoelectric unit being operable as an actuator to 
compress the working fluid whenever an electric field is applied to the piezoelectric unit 
and operable as a generator to generate an electric charge whenever the working fluid 
expands; a heat source; and a heat sink, the heat source and heat sink being positioned 
relative to the body such that thermal energy flowing from the heat source to the heat 
sink flows through the working fluid. 

As noted above, the heat source is a high-temperature heat source; the heat sink is 
a low-temperature heat sink; and the transducer is operable as a micro-heat engine 
according to a thermodynamic cycle in which thermal energy, flowing from the heat 
source to the heat sink through the working fluid, is converted into electrical energy. 

As noted above, the heat source is a low-temperature heat source; the heat sink is a 
high-temperature heat sink; and the micro-transducer is operative as a micro-heat pump 
that consumes electrical energy while transferring heat from the low-temperature heat 
source to the high-temperature heat sink. 

Ohio University shows (figs. 1 , 5b) an apparatus for converting energy in one form to 
energy in another form, as noted above, the apparatus comprising: a first major layer; 
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and a second major layer juxtaposed to the first major layer, the first and second major 
layers forming a plurality of micro-transducers, each micro-transducer comprising a 
respective fluid-tight cavity formed between the first and second major layers, a 
compressible working fluid disposed in the cavity, and a respective piezoelectric unit 
formed on one of the first and second major layers. 

Ohio University shows, as noted above, a micro-transducer, comprising: a body 
defining a fluid-tight cavity; and a compressible and expansible working fluid contained 
within the cavity, the body having a piezoelectric unit situated adjacent the cavity, and 
the piezoelectric unit being operable as an actuator to compress the working fluid 
whenever an electric field is applied to the piezoelectric unit and operable as a 
generator to generate an electric charge whenever the working fluid expands. 

As noted above, the working fluid occupies the cavity. 

As noted above, the body comprises a first membrane and a second membrane; the 
cavity is formed between the first and second membranes; and the piezoelectric unit is 
disposed on the first membrane. 

Claims 1 and 16 are rejected under 35 U.S.C. 102(b) as being anticipated by 
Bullock (US 4,140,936). Bullock shows (figs. 6, 8) a transducer (1 ) comprising: a first 
membrane (21); a second membrane (3) comprising a first electrode (not shown), a 
second electrode (not shown), and a piezoelectric member (2) disposed therebetween; 
a fluid-tight cavity (16, 19) cooperatively formed between the first (21) and second 
membranes (3); and a working fluid (as shown) disposed in the cavity (16, 19). 
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Bullock shows (figs. 6, 8) a structure having a plurality (fig. 8) of transducers (1), 
the structure comprising: a first major layer (not numbered); a second major layer (not 
numbered) juxtaposed to the first layer; a plurality of fluid-tight cavities (16, 19) 
cooperatively formed between the first and second major layers; a working fluid 
contained in the cavities; a plurality of first electrodes(not numbered) carried by the first 
major layer at each of said cavities; a plurality of piezoelectric members (not numbered) 
carried by the first electrodes at each of said cavities; and a plurality of second 
electrodes (likewise not numbered) carried by the piezoelectric members at each of said 
cavities. 

Claims 1-17 and 19-21 are rejected under 35 U.S.C. 102(b) as being 
anticipated by Xu et al. in the article "Design of a Micro Heat Engine". Xu et al. show 
in figs. 1-3, note however that the components are not numbered, a micro-transducer 
comprising: a first membrane; a second membrane comprising a first electrode, a 
second electrode, and a piezoelectric member disposed therebetween; a fluid-tight 
cavity cooperatively formed between the first and second membranes; and a working 
fluid disposed in the cavity. 

Further comprising a low-temperature heat sink (fig. 1 at bottom) disposed adjacent 
the first membrane and a high-temperature heat source (fig. 1 at top) disposed adjacent 
the second membrane such that the transducer is operative as a micro-heat engine 
having a thermodynamic cycle (see figs. 7 and 8), wherein thermal energy, flowing from 
the high-temperature heat source to the low-temperature heat sink through the micro- 
heat engine during the thermodynamic cycle, is converted into electrical energy. 
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Wherein the low-temperature heat sink (see fig. 1 at bottom) has at least one thermal 
switch positioned to thermally couple the low-temperature heat sink and the first 
membrane (see Heat Rejection part of cycle in fig. 2) at least once during the 
thermodynamic cycle of the micro-heat engine and the high-temperature heat source 
has at least one thermal switch positioned to thermally couple the high-temperature 
heat source and the second membrane (see Heat Addition part of cycle in fig. 2) at least 
once during the thermodynamic cycle of the micro-heat engine. 

Further comprising a low-temperature heat source (fig. 1 at bottom) disposed 
adjacent the second membrane and a high-temperature heat sink (fig. 1 at top) 
disposed adjacent the first membrane such that the transducer is operative as a micro- 
heat pump having a thermodynamic cycle (see figs. 7 and 8), wherein electrical energy 
is consumed to transfer heat from the low-temperature heat source to the high 
temperature heat sink. 

Wherein the low-temperature heat source has at least one thermal switch positioned 
to thermally couple the low-temperature heat source and the second membrane at least 
once during the thermodynamic cycle of the micro-heat pump (see coupling in the Heat 
Rejection part of the cycle where the heat out part of the cycle is shown), and the high- 
temperature heat sink has at least one thermal switch positioned to thermally couple the 
high-temperature heat sink and the first membrane at least once during the 
thermodynamic cycle of the micro-heat pump (see the 'heat in' in the Heat Addition part 
of the cycle in fig. 2). 
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Wherein the working fluid is a saturated mixture of vapor and liquid. See p. 262, col. 
1 , the first paragraph under the heading "MICRO HEAT ENGINE DESIGN". 

Wherein the first membrane comprises a layer of silicon, and the second membrane 
comprises a layer of silicon for supporting the first and second electrodes and the 
piezoelectric member. See p. 263, lines 10-15. 

Xu et al. show (again figs. 1-3) a micro-transducer comprising: a first layer; a 
second layer having piezoelectric properties and joined to the first layer so as to form a 
fluid-tight cavity therebetween; and a working fluid contained within the cavity; wherein 
thermal energy flowing into the micro-transducer causes the working fluid to expand, 
thereby distending the second layer for generating an electrical charge. 

Wherein the first layer comprises a first substrate forming a first membrane, and the 
second layer comprises a second substrate forming a second membrane, the micro- 
transducer further comprising an intermediate layer between the first and second layers 
and defining a recess, the first membrane, the second membrane and the recess 
together defining the fluid tight cavity. 

Wherein the working fluid is at least a vapor phase. Again, see p. 262, col. 1 , the 
first paragraph under the heading "MICRO HEAT ENGINE DESIGN". 

Further comprising a high-temperature heat source positioned to transfer heat 
energy into the micro-transducer. See Heat Addition part of cycle in fig. 2. 

Wherein the high-temperature heat source is positioned to thermally conduct heat 
energy into the micro-transducer. 
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Further comprising a low-temperature heat sink (bottom of fig. 1 ) positioned to 
receive heat energy from the micro-transducer. 

Wherein the low-temperature heat sink is positioned to receive heat energy from the 
micro-transducer through conduction. For example see Heat Rejection part of cycle in 
fig. 2 where heat is conducted from the cavity. 

Wherein the first layer is more rigid than the second layer so that the second layer 
distends outwardly and the first layer retains a substantially constant profile whenever 
heat energy flows into the micro-transducer to expand the working fluid. See fig. 2 
where bottom membrane is still. 

Xu et al. note at p. 262, col. 2, that their device may consist of "many unit cell 
engines combined together, thus they note a structure having a plurality of micro- 
transducers, the structure comprising: a first major layer; a second major layer 
juxtaposed to the first layer; a plurality of fluid-tight cavities cooperatively formed 
between the first and second major layers; a working fluid contained in the cavities; a 
plurality of first electrodes carried by the first major layer at each of said cavities; a 
plurality of piezoelectric members carried by the first electrodes at each of said cavities; 
and a plurality of second electrodes carried by the piezoelectric members at each of 
said cavities. 

Wherein each of the first electrodes (see fig. 3) comprises a unitary first metallic 
layer (gold) overlaying the first surface, the plurality of piezoelectric members 
comprising a unitary piezoelectric layer (PZT) overlaying the first metallic layer (gold), 
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and the plurality of second electrodes comprising a unitary second metallic layer 
(platinum) overlaying the piezoelectric layer. 

Further comprising an intermediate layer disposed between the first and second 
major layers, the intermediate layer defining a plurality of recesses that define 
respective cavities between the first and second major layers. The intermediate layer 
forms the walls of the recesses. See fig. 1 for example where the lateral walls of the 
cavity are formed by this layer which is also noted as being made of Silicon. 

Wherein the intermediate layer comprises a photo-resist material. As noted, it is 
silicon. 

Wherein the working fluid is a saturated mixture of vapor and liquid. Again see 
p.262, II. 28-30. 

As noted above, Xu et al. show (figs. 1-3) a micro-transducer, comprising: a first 
membrane; a second membrane comprising a first electrode, a second electrode, and a 
piezoelectric member disposed therebetween; a fluid-tight cavity cooperatively formed 
between the first and second membranes; a working fluid disposed in the cavity; and a 
low-temperature heat sink disposed adjacent the first membrane and a high- 
temperature heat source disposed adjacent the second membrane such that the 
transducer is operative as a micro-heat engine having a thermodynamic cycle, wherein 
thermal energy, flowing from the high-temperature heat source to the low-temperature 
heat sink through the micro-heat engine during the thermodynamic cycle, is converted 
into electrical energy. 
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As noted above, the low-temperature heat sink has at least one thermal switch 
positioned to thermally couple the low-temperature heat sink and the first membrane at 
least once during the thermodynamic cycle of the micro-heat engine; and the high- 
temperature heat source has at least one thermal switch positioned to thermally couple 
the high-temperature heat source and the second membrane at least once during the 
thermodynamic cycle of the micro-heat engine. 

As noted the working fluid comprises a saturated vapor and liquid. 

As noted, the first membrane comprises a layer of silicon; and the second membrane 
comprises a layer of silicon for supporting the first and second electrodes and the 
piezoelectric member. 

The cavity is configured such that the liquid adheres to inside surfaces of the cavity 
due to surface tension of the liquid, thereby resulting in separation of the liquid from the 
vapor. See p. 262, the last paragraph in column two until the end of the paragraph. 

The working fluid occupies the cavity. 

As noted, the first membrane is more rigid than the second membrane such that the 
second membrane deflects and the first membrane retains a substantially constant 
profile during the thermodynamic cycle. 

As noted above, Xu et al. show a micro-transducer comprising a first membrane; a 
second membrane comprising a first electrode, a second electrode, and a piezoelectric 
member disposed therebetween; a fluid-tight cavity cooperatively formed between the 
first and second membranes; a working fluid occupying substantially the entire cavity; 
and a low-temperature heat source disposed adjacent the second membrane and a 
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high-temperature heat sink disposed adjacent the first membrane such that the 
transducer is operative as a micro-heat pump having a thermodynamic cycle, wherein 
electrical energy is consumed to transfer heat from the low-temperature heat source to 
the high-temperature heat sink. 

As noted above, the low-temperature heat source has at least one thermal switch 
positioned to thermally couple the low-temperature heat source and the second 
membrane at least once during the thermodynamic cycle of the micro-heat pump; and 
the high-temperature heat sink has at least one thermal switch positioned to thermally 
couple the high-temperature heat sink and the first membrane at least once during the 
thermodynamic cycle of the micro-heat pump. 

As noted above, the working fluid comprises a saturated vapor and a liquid. 

As noted above, the first membrane comprises a layer of silicon, and the second 
membrane comprises a layer of silicon for supporting the first and second electrodes 
and the piezoelectric member. 

As noted above, the cavity is configured such that the liquid adheres to inside 
surfaces of the cavity due to surface tension of the liquid, thereby resulting in separation 
of the liquid from the vapor. 

As noted above, the first membrane is more rigid than the second membrane such 
that the second membrane defects and the first membrane retains a substantially 
constant profile during the thermodynamic cycle. 

As noted above, a body defining a fluid-tight cavity, a compressible and expansible 
working fluid contained within and occupying the cavity, the body having a piezoelectric 
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unit situated adjacent the cavity, and the piezoelectric unit being operable as an 
actuator to compress the working fluid whenever an electric field is applied to the 
piezoelectric unit and operable as a generator to generate an electric charge whenever 
the working fluid expands; a heat source; and a heat sink, the heat source and heat sink 
being positioned relative to the body such that thermal energy flowing from the heat 
source to the heat sink flows through the working fluid. See the explanation of 
compression and expansion in col. 1 of p. 263 in the first two paragraphs. 

As noted above, the heat source is a high-temperature heat source; the heat sink is 
a low-temperature heat sink; and the transducer is operable as a micro-heat engine 
according to a thermodynamic cycle in which thermal energy, flowing from the heat 
source to the heat sink through the working fluid, is converted into electrical energy. 

As noted above the heat source is a low-temperature heat source (note that heat is 
conducted into and then out of the working fluid); the heat sink is a high-temperature 
heat sink (at heat rejection part of the cycle in fig. 2); and the micro-transducer is 
operative as a micro-heat pump that consumes electrical energy while transferring heat 
from the low-temperature heat source to the high-temperature heat sink. 

As noted, the working fluid comprises a vapor and a liquid. 

As noted, the cavity is configured such that the liquid adheres to inside surfaces of 
the cavity due to surface tension of the liquid, thereby resulting in separation of the 
liquid from the vapor. 



Application/Control Number: 10/033,353 Page 15 

Art Unit: 2834 

The body comprises first and second opposed major layers; the cavity is formed 
between the first and second layers; and the cavity has a thickness defined between the 
first and second layers of about 50 microns or less. See fig. 3. 

As noted above, Xu et al. show (figs. 1-3) an apparatus for converting energy in one 
form to energy in another form, the apparatus comprising: a first major layer; and a 
second major layer juxtaposed to the first major layer, the first and second major layers 
forming a plurality of micro-transducers, each micro-transducer comprising a respective 
fluid-tight cavity formed between the first and second major layers, a compressible 
working fluid disposed in the cavity, and a respective piezoelectric unit formed on one of 
the first and second major layers. 

As noted, Xu et al. show (figs. 1-3) micro-transducer, comprising: a body defining a 
fluid-tight cavity; and a compressible and expansible working fluid contained within the 
cavity, the body having a piezoelectric unit situated adjacent the cavity, and the 
piezoelectric unit being operable as an actuator to compress the working fluid whenever 
an electric field is applied to the piezoelectric unit and operable as a generator to 
generate an electric charge whenever the working fluid expands. 

As noted, the working fluid occupies the cavity. 

As noted, the body comprises a first membrane and a second membrane; the cavity 
is formed between the first and second membranes; and the piezoelectric unit is 
disposed on the first membrane. 

As noted, the first membrane is more flexible than the second membrane. 
Allowable Subject Matter 
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Claim 18 is objected to as being dependent upon a rejected base claim, but 
would be allowable if rewritten in independent form including all of the limitations of the 
base claim and any intervening claims. 

The following is a statement of reasons for the indication of allowable subject 
matter: The prior art does not show or fairly suggest a plurality of micro-transducers 
with opposing layers forming fluid tight cavities wherein the opposing layers have a 
plurality of recessed portions in register. 

Claims 95-103 are allowed. 

The following is an examiner's statement of reasons for allowance: the prior art 
does not show nor fairly suggest a plurality of fluid-tight cavities which are super-posed 
on one another and which cavities each have opposing layers forming them, wherein 
the layers include a piezoelectric components which are employed in energy 
conversion. 

Any comments considered necessary by applicant must be submitted no later 
than the payment of the issue fee and, to avoid processing delays, should preferably 
accompany the issue fee. Such submissions should be clearly labeled "Comments on 
Statement of Reasons for Allowance." 

Direct inquiry concerning this action to Examiner Dougherty at (703) 308-1628. 

w 

tmd 

September 5, 2003 




8 



